Vesicle Transport and Photoreceptor Death: Fishing for Molecular Links  by Nagel-Wolfrum, Kerstin & Wolfrum, Uwe
Developmental Cell
PreviewsVesicle Transport and Photoreceptor Death:
Fishing for Molecular LinksKerstin Nagel-Wolfrum1 and Uwe Wolfrum1,*
1Cell and Matrix Biology, Institute of Zoology, Johannes Gutenberg University of Mainz, Mu¨llerweg 6, 55099 Mainz, Germany
*Correspondence: wolfrum@uni-mainz.de
http://dx.doi.org/10.1016/j.devcel.2013.05.014
Intracellular vesicle transport defects can induce retinal degeneration and photoreceptor cell death, but the
molecular connections between these processes remains poorly understood. Reporting in Developmental
Cell, Nishiwaki et al. (2013) suggest that a vesicle fusion cis-SNARE complex component translates vesicular
transport defects into photoreceptor cell apoptosis.To date, almost 200 distinct genes have
been associated with hereditary blinding
disorders (RetNet: https://sph.uth.edu/
retnet/disease.htm), which are currently
not treatable. Despite the diversity of
gene defects that cause visual impair-
ment or legal blindness, the final, unifying
event of the disease-causing pathophysi-
ologic processes is the death of retinal
neurons. A significant proportion (1/4)
of retinal degenerations is related to
defective intracellular transport in photo-
receptor cells, and cargo misrouting
accompanies photoreceptor degenera-
tion as a hallmark of disease (e.g., Lopes
et al., 2010). Vertebrate photoreceptors
are highly polarized elongated sensory
neurons consisting of morphologically
and functionally distinct cellular compart-
ments. During photoreceptor maturation
and maintenance, de novo biosynthesis
occurs in organelles located in the inner
segment, from which they are vectorially
transported to either one of the two poles,
the synapse or the photosensitive outer
segment membranes. Disturbance of
these efficient transport and targeting
systems by defects in components of
molecular transport machines or regula-
tion modules leads to cargo misrouting,
which finally triggers photoreceptor cell
death and retinal degeneration. Over the
last decade, photoreceptor cell biologists
have gathered important insights into
both the mechanisms of intracellular
vesicle transport and photoreceptor cell
death underlying retinal degenerations.
Photoreceptor cell death mechanisms in
inherited retinal degenerations can occur
through either nonapoptotic pathways
or apoptotic pathways (Portera-Cailliau
et al., 1994; Sancho-Pelluz et al., 2008).
However, the molecular connectionbetween the defective cellular machin-
eries and the cell death pathways re-
mained unknown.
The SNARE system—the intracellular
cargo and targeting system—ensures
that vesicles are correctly directed to the
target compartment (Jahn and Scheller,
2006). At the target membrane vesicle,
v-SNAREs bind to target membrane resi-
dent t-SNARE proteins to assemble the
trans-SNARE membrane fusion complex.
Subsequent to membrane fusion and
vesicle cargo delivery, this complex rear-
ranges into the cis-SNARE complex state.
Characterizing the retinal degeneration
zebrafish coa mutant, Nishiwaki and col-
leagues (2013) now identify b-snap1 as
the causative gene provoking BNip1-
dependent photoreceptor apoptosis.
The soluble N-ethylmaleimide-sensitive
factor (NSF) attachment factor b-SNAP
recruits the ATPase NSF for disassem-
bling the cis-SNARE complex to introduce
SNARE recycling for another cycle of
vesicle targeting. Nishiwaki and col-
leagues (2013) demonstrate that the
absence of b-SNAP inhibits disassem-
bling of the endoplasmic reticulum (ER)
resident syntaxin-18 cis-SNARE com-
plex, thereby compromising the recycling
of SNAREs and consequently arresting
intracellular vesicular transport. In photo-
receptor cells, this halting of vesicle trans-
port has severe calamitous impacts on
the maturation, as well as on the mainte-
nance, of mature photoreceptor cells.
Analysis of knockdowns by morpholino
antisense oligonucleotides to syntaxin-18
SNARE complex components provides
strong evidence that apoptosis in photo-
receptor cells is induced by the syn-
taxin-18 cis-SNARE complex, which
activates Bax-dependent apoptosis viaDevelopmental Cellthe BH3-only protein BNip1. BH3-only
proteins balance the apoptotic activity of
proteins from the Bcl2 family. The ER-
specific BNip1 is bifunctional. First, as a
t-SNARE component of the syntaxin-18
SNARE complex, it regulates the retro-
grade vesicle transport from the Golgi
apparatus to the ER. Second, by binding
to the antiapoptotic Bcl2 and Bcl-XL pro-
teins, BNip1 modulates apoptosis by
releasing the proapoptotic Bax protein.
In elegant analyses exploiting the advan-
tages of the zebrafish model system in
combination with skillful molecular
genetics, cell biology, and biochemical
tools, Nishiwaki and coworkers (2013)
affirm this dual role of BNip1. Based on
their data set, they provide a model sug-
gesting that the proapoptotic activity of
BNip1 depends on the accessibility of its
BH3 domain to interact with Bcl2. In
the acceptor SNARE complex, BNip1’s
coiled-coil domain suppresses the proap-
optotic activity of the BNip1 by reducing
the affinity of its BH3 domain to Bcl2.
SNAP/NSF-mediated disassembly of the
syntaxin-18 cis-SNARE complex triggers
a conformational change in BNip1, which
enables the BH3 domain to interact with
Bcl2. BNip1-Bcl2 interaction subse-
quently activates Bax, initializing the
mitochondria-dependent apoptosis path-
way (Tait and Green, 2010).
Nishiwaki and coworkers (2013) pro-
pose that the level of the syntaxin-18
cis-SNARE complex on the ERmembrane
is crucial for the decision as to whether
photoreceptor cells survive or undergo
apoptosis. Defects in the SNAP/NSF-
mediated cis-SNARE disassembly result
in the accumulation of the syntaxin-18
cis-SNARE complex. This thereby re-
duces the recycling of the SNAREs and25, June 10, 2013 ª2013 Elsevier Inc. 435
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Previewsconsequently inhibits new vesicle fusion
and syntaxin-18 SNARE complex forma-
tion. The authors suggest that syntaxin-
18 cis-SNARE complex functions as a
quality control module that monitors the
availability of SNAP during photoreceptor
morphogenesis.
In conclusion, the present article eluci-
dates a missing link in the pathophysi-
ology between transport defects and
apoptosis in photoreceptor cells. Now
the question that remains to be answered
is whether these findings depicted on
maturing photoreceptor cells can be
transferred to conditions of the frequent
transport defects in mature cells
observed in hereditary retinal disorders.436 Developmental Cell 25, June 10, 2013 ª2Nevertheless, further deciphering of the
molecular interplay between the machin-
eries of vesicular transport and apoptosis
in photoreceptor cells should reveal novel
targets for future treatments and potential
cures for the sensoneuronal diseases
(Mockel et al., 2012) such as Retinitis
pigmentosa and other disorders induced
by defects in molecular transport.REFERENCES
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Voluntary motor control requires circuits in the brain to develop synchronously with spinal motor circuitry. In
this issue of Developmental Cell, Reimer et al. (2013) demonstrate that this process is coordinated in zebra-
fish: dopamine released from descending projections modulates formation of motor neurons by attenuating
the response of progenitors to Shh signaling.The formation of functional motor circuits
is a remarkably complex process that
requires the coordinated development
of spatially distinct neuronal populations
within the brain and spinal cord. The
realization of executive motor control
requires neurons from the brain to
project axons over long distances, while
the spinal motor neuron (MN) targets
must be both present and prepared
to receive these descending inputs.
Although significant progress has been
made toward understanding the local
intrinsic and extrinsic factors that give
rise to these populations at the appro-
priate place and time, remarkably little
is known about the signals that synchro-
nize their development. In this issue ofDevelopmental Cell, Reimer et al. (2013)
shed light on this question by showing
that neurons within the diencephalon
promote the generation of their spinal
MN targets using the neurotransmitter
dopamine.
The dopaminergic diencephalospinal
tract (DDT) is an ancient and highly
conserved component of the vertebrate
dopaminergic system found in lampreys,
jawed fish, and mammals (Tay et al.,
2011; Lambert et al., 2012). Previous
studies in zebrafish have shown that the
DDT is necessary for proper locomotor
development and provides the devel-
oping spinal cord with its only source of
dopamine at 2 days postfertilization
(dpf), a stage that coincides with thegeneration of spinal MNs (McLean
and Fetcho, 2004; Tay et al., 2011;
Lambert et al., 2012). Given these obser-
vations, Reimer et al. (2013) utilized loss-
and gain-of-function strategies to
examine the role of dopamine in MN
development. Dopamine inputs were
removed as follows: (1) inhibiting
dopamine synthesis through morpho-
lino-based knockdown of tyrosine
hydroxylase 1 (TH1), an enzyme that cat-
alyzes dopamine synthesis; (2) mutating
orthopedia1a, a transcription factor
essential for the development of the
dopaminergic neurons in the DDT;
and (3) reducing the number of dopami-
nergic neurons using the dopamine-
specific neurotoxin 6-hydroxydopamine
